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TECHNICAL MEMORANDUM 

I. I n t r o d u c t i o n  ---- 
T h e  s t a y e  ancl one-ha l f  i n t e g r a l  l a u n c h  and  reentry 

v e h i c l e  ( S O H )  r e p r e s e n t s  a d e ~ I c ~ l o p i ~ c ~ i k .  a n d  perfornmnce coni- 
promi,? Se twe-n  a h i g h l y  s e n s i t i v e  fu1.i y reusahle  si1:ql.e s t a .ge  
t o  0rhj.t. l a u n c h  vehri.cle 
t o  o r b i t .  v e h i c l e  which has a reusah1.c u p p c ~ -  s - t a y e  and n i g h t  
o r  m i g h t  n o t  have a r e u s a b l e  lower stnqe. 
i l l u s - t . r a t +  rin F i q u e  

(SSrrO) and E I  l e s s  sens i t iz re  t i m  s t a g e  

The Soli C O ~ ~ C ~ T I ?  i s  

for SS' i 'C)  t\",' 
< r C .  

i _  \re I-, j. c: 1.2 
v a n t a g e  o f  some s t a g i n g  as we11 a s  cl i .ni inat . ing added i n e r t  
w e i g h t s  that would be r e q u i r e d  i f  t h e  t a n k s  were rccoverec?. 
On t h e  o t h e r  hand, the f u l l  advant.GCje of s t a g i n g  is n o t  a c h i e v e d  
s i n c e  o n l y  the p r o p e l l - a n t  t a n k s  a r e  clroppecl clurl; ricj the? a scent 
ancl t h e  h i g h  t h r u s t  e n g i n e s  and associs. tec1 s - t r u c t u r e  zrc c ~ i ~ ~ ~ : i ~ ~ ~ l  
i n t o  o r b i t .  For t h i s  r e a s o n  the SO€I  1i.es somev:here be-k.r.:c:c?rl a 
r e u s a b l e  SSTO and a two s t a g e  sys t em i n  payload performa:1c:e ancl 
s e n s i t i v i t y .  

Ti' pî  L- f 0 >,T,E\ I-, c' 71 d -- .... 

Depending o n  t h e  payload  w e i g h t ,  t h e  S O H  sys t em pay load  
c a n  be v e r y  s e n s i t i v e  t o  c o r e  v e h i c l e  i n e r t  w e i g h t  v a r j - a t i o n s .  
Rot-h t h e  g ross  weight. t o  pay]-oad w e i g h t  (growth  f a c t o r )  and  t h e  
s e n s i t i v . i . t y  of gro:+&h f a c t - o r  to tlie c o r e  ve!li.cle inert v:ej qhi'. 
i n c r e a s e  q u i t e  rclpiclly a t  payloads l c s s  t h a n  about 2 0 ,  0 0 0  p o u n d s  
o r  so.  
g e n e r a l l y  h a v e  been stucliccl t o  d a t e .  O n  t h e  other hand,  t h e  r e -  
S U I - t s  o€ t h i s  s t u d y  show 
t o  5 0 , 0 0 0  p o u n d s ,  the SOI! pay load  c a n  !,e macle consic1crabl.y less 
s e n s i t i v e  t o  t h e  core  i . n e r t  wei.ght.s result-ing i E  a more 
a t t r a c t i v e  l a u n c h  sys t em.  

T h i s  j.s al-so .the payload  range i n  ~ ~ : h i c h  SOII d e s i g n  conrept:s 

t h a t  f o r  l a r g e r  payloacls of a b o u t  4 0 , 0 0 0  

. . . . .  . . . . . . . . .  .. . . . . . . . . . . . . . .  .... . . . . . . . . . . .  - .. .- ......... ~- 
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The l a r g e  pay load  s e n s i t i v i t y  of t h e  SOH, a t  low 
p a y l o a d  w e i g h t s ,  r e s u l t s  from t h e  i n e r t  w e i g h t s  of t h e  core 
sub-sys tems,  s t r u c t u r e  and minimum p r o p e l l a n t  t a n k a g e  which 
c a n  be t h o u g h t  of as e s s e n t i a l l y  f i x e d  and i n d c p c n d e n t  o f  
t h e  pay load .  ? h a t  i s ,  it t a k e s  sortie miilirilum w e i g h t  t o  conduc,  
t h e  m i s s i o n  and s u p p o r t  t h e  crew even  w i t h o u t  p a y l o a d .  Some 
idea of t h e  a p p r o x i m a t e  magni tude  of t h e s e  f i x e d  w e i g h t s  i s  
p r e s e n t e d  i n  F i g u r e  2 .  T h e  f i x e d  w e i g h t s  c a n  be q u i t e  l a r g e  
and  r a n g e  somewhere i n  t h e  neighborhood of 1 8 , 0 0 0  t o  2 5 , 0 0 0  
pounds f o r  t h e  SOH t y p e  s p a c e c r a f t .  

The e f f e c t s  of the  f i x e d  w e i g h t s  on t h e  SOH sys t em 
are  i n v e s t i g a t e d  i n  the s e c t i o n s  t h a t  follow. The SOH p c r -  
formance  d a t a  was g e n e r a t e d  w i t h  a t r a j e c t o r y  program which 
computes  optirnum a s c e n t  t r a j e c t o r i e s .  ,an a p p r a x i m a t e  wejg5;t 
scal  i n g  r e l a t i  o n s h i p  between t h e  major s y s t e m  t.;eiyiits i s  
t h e n  a p p l i e d  t ( 3  compute pay1 oad, d e t e r m i n e  t h e  y r  owth f a c t o r s ,  
g rowth  f a c t o r  s e n s i t i v i t y  a n d  t h e  va ; ia t ions  w i t h  pay load  
and g r o s s  w e i g h t .  

I1 , f'r?,ylo;ic! \.:niqht Scci1ing ?lo:lelC -- - I ,_ I . .- ., . , . - --- 

The r.io:-!t?l usec! f o r  s c a l i n g  t h e  SO11 c o r e  v c h - i c l e  v : i ? j c ; h t  
i s  based  on t h e  s k e t c h  i r ) .  Fj.cjure lb. A!-t-.hcngh t h i s  model :  i s  
on1.y an a p p r o x i m a t i o n ,  i t  c o n t a i n s  t h e  e s s e n t i a l  f e a t u r e s  which 
r e f l e c t  t h e  e f f e c t s  of s c a l i n g .  A s  t h e  p a y l o a d  c a p a b j - l i t y  i s  
i n c r e a s e d ,  t h e  p r o p e l l a n t  t ankage  and e n g i n e  system i n c r e a  ::e. 
The f i x e d  w e i g h t s  E x e  t h e n  cnnthi.ned v i t h  t h e  tankacjc znd encjjL:!;ll 
w e i g h t s ,  arid t h e  a d d i t i o n a l  we igh t  f a c t o r s  a r e  ad.ded t o  a c c o u n t  
f o r  t h e  s h e l l  s t r u c t u r e  and  r e e n t r y  h e a t  p r o t e c t i o n  systcin,  re- 
c o v e r y  and l a n d i n g  sys t em,  and t h e  o r b i t a l  maneuver ing  p r o p u l s i o n  
s y s t e m  ( i n c l u d i n g  p r o p e l l a n t ) .  The method i s  o u t l i n e d  i n  
F i g u r e  3 a l o n g  w i t h  t h e  f i n a l  w e i g h t  s c a l i n g  e q u a t i o n  (iii).  

I n  e q u a t i o n  ( i i i) ,  t h e  pay load  i s  e x p r e s s e d  a s  a 
f u n c t i o n  of WIEO, WPC, \JFIX,  P?E and a s t r u c t u r a l  f a c t o r  (KPL) 
t o  a c c o u n t  f o r  c a r r y i n g  payload .  For the purpose 's  of t h i s  s t u d y ,  
hot:cver , t h e  d l s c r c t i o n a r y  payload v c i g h t  does n d t  a c c o u n t  f o r  
KPL, so  t h a t  t h e  p a y l o a d s  p r e s e n t e d  i n  t h e  f i g u r e s  t h a t  fo1l.ov.r 
i nc luc le  t h . e  strr:rf:nre a c ~ c i - a t e d  w i t h  sinm7orf.i n g  t h e  payload . 
I n  o r d e r  t o  e s t i n a t e  t h i s  s t r u c t u r a l  f a c t o r  it i s  n e c e s s a r y  t o  
d e c i d e  on  how t h e  pay lozd  shou1.d be c a r r i e d .  For  t h e  l a r g e  
p a y l o a d  w e i g h t s  and s i z e s  it m i g h t  b e  more d e s i r a b l e  t o  have  t h e  
c a p a b i l i t y  of c 3 r r y i n g  payload  externa!. t o  t h e  core v e h i c l e .  
Just how t h e  l a r g e  p a y l o a d s  might  e f f e c t  t h e  SOH c o n f i g u r a t i o n  
and  pe r fo rmance  was n o t  i n v e s t i g a t e d  i n  t h i s  s t u d y .  
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The gross  w e i g h t  p l aced  i n  e a r t h  o r b i t  (WIEO) f o r  a 
s t a g e  and one -ha l f  t y p e  system employing a n  e s t i m a t e d  h i g h  
pe r fo rmance  ( h i g h  p r e s s u r e ,  t w o  p o s i t i o n  n o z z l e )  LH -LO e n g i n e  

sys t em i s  p r e s e n t e d  i n  F i g u r e  4 as  a f u n c t i o n  of d r o p  t a n k  
p r o p e l l a n t  w e i g h t .  Launch t h r u s t  t o  w e i g h t  r a t i o  w a s  assumed 
t o  be 1 .25 ,  maximum t h r o t t l i n g  d u r i n g  a s c e n t  10 t o  1, and 
maxinium allowable a c c e l e r a t j - o n  5 G .  T h e  a s c e n t  t r a j e c t o r y  
follows a cjravi-ty t u r n  p r i o r  t o  drop-tank s t i ig i r ig ,  followcti hy 
a l i n e a r  t a n g e n t  fligh-tr. p a t h  a f t e r  s t a g i n g  t o  a n  1 0 0  nm c i r -  
c u l a r  o r b i t  (72 '  l a u c h  a z i m u t h ) .  T h e  J,*!IE:O i s  t h e n  rnz.ximS.zec! 
by opt imiz j .ng  o n  the i n i t - i a l  klzk a n g l c  a.nd t h e  bi ime a t  which 
t h e  engi.ne i s  t h r o t t l e d  back t o  rniaimuiil t h r u s t .  

2 2  

The c u r v e s  on F'iyurc 4 also i l l u s t r a t e  t h a t  the. \s:IT:O 
decreases as t h e  d r o p  t a n k  s i z e  i n c r e a s e s  i n  r e l a t i o n  t o  t h e  
gross w e i g h t ,  i . e . ,  as more of  t h e  t o t a l  AV i s  p u t  i n t o  t h e  
drop t a n k s  and less i n t o  t h e  core vehic1 .e .  However, t h e  WIEO 
i n  a d d i t i o n  t o  t h e  pay load  weight  a l so  c o n t a i n s  t h e  core v e h i c l e  
i n e r t  w e i g h t s  i n c l u d i n g  t h e  f i x e d  w e i g h t s ,  core p r o p e l l a n t  
t a n k a g e ,  maneuvering and d e o r b i t  p r o p u l s i o n ,  r e s i d u a l s ,  e n g i n e  
s y s t e m ,  s t r u c t u r e  and r e e n t r y  hea t  p r o t e c t i o n ,  and t h e  r e c o v e r y  
s y s t c m s .  T h e  amount of  t h e  WIEO ac tua1 I .y  a v a i l a h l e  f o r  pay load  
depends  o n  t:he c o r e  ine r t :  weights .  The  s c a l i n g  e q u a t i o n  (iii) 
was used t o  c o n v e r t  fron t h e  W E 0  t o  pay load  w e i g h t .  

T h e  pay load  d e r i v e d  from e q u a t i o n  (iii) f o r  a 
o n e  m i l l i o n  p a ~ n d  g r o s s  launch  ~ w e i g h t  .c>7stc:~ i s  p r e s e n t e d  i n  
F i g u r e  5 as  a funcir.ion of c o r e  f i x e d  w e i g h t  and t h e  r a t i o  of 
core p r o p e l l a n t  t o  t o t a l  p r o p e l l a n t  w e i g h t .  Also i n c l u d e d  i n  
F i g u r e  5 a re  t h e  c o r r e s p o n d i n g  core v e h i c l e  i n e r t  f r a c t i o n s  ( A I C  

d e f i n e d  i n  F i g u r e  5)  and  s t a g i n g  v e l o c i t i e s  ( v e h i c l e  i n e r t i a l  v e l -  
o c i t y ) .  
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The maxiniuin pay load  i n  F i g u r e  5 i s  a c h i e v e d  when a b o u t  
1 0 %  o f  t h e  a s c e n t  p r o p e l l a n t  is i n  t h e  c o r e  v e h i c l e .  The p o i n t  
where t h e  oljtimuin o c c u r s  i s  i n s e n s i t i v e  t o  t h e  magn i tude  o f  
f i x e d  w e i g h t s :  2nd f o r  a g i v e n  f i x e d  wet- jht  the pay load  r e d u c e s  
g r a d u a l l y  f o r  o f f  optimum s t a g i n g .  T h i s  l a t t e r  e f f e c t  c o u l d  
p r o v i d e  s o m e  f l e x i b i l i t y  i n  choos ing  t h e  core p r o p e l l a n t  s i z e .  

0 

r' 
The c u r v e s  o f  c o n s t a n t  c o r e  v e h i c l e  i n e r t  f r a c t i o n ,  on  

t h e  o t h e r  hand ,  i n d i c a t e  t h a t  f o r  a c o n s t a n t  v a l u e  o f  h I C  i n  t h e  

r a n g e  o f  i n t e r e s t ,  t h e  maximum pay load  would b e  a c h i e v e d  when all 
of t h e  a s c e n t  p r o p e l l a n t  i s  i n  t h e  d r o p  t a n k s  a n d  t h a t  the 
pay load  i s  v e r y  s e n s i t i v e  t o  the st-?.gin9 c o n d i t i o n s .  However , 
it i s  n o t  p o s s i b l e  t o  follow a c o n s t a R t  X c u r v e  i n  a r e a l  case 1c 
due  t o  t h e  l ~ r c j ~  f i x e d  w;?ights i n  t h e  c o r e .  

c a n n o t  he used  as a peLzormance s e n s i t i v i t y  pard inc ter  by i t s e l f  
and ,  i n  f a c t ,  c a n  be q u i t e  r n i s l c a d i n g .  

T h e r e f o r e ,  t h e  X I c  

F i g u r e  5 shows t h a t  vhen the more r e a l i s t i c  s c a l i n y  
e . .  cqv.~.t . : i  on (1 ].I-) i s  cm;pl.oye:i , t h e  SOI i  s y s t . ~ ~ ;  i s  i:el?tivi_. 

sens:i Live -to oif optimuit: s t a g i n g -  e 'i'1ij-s praviClL~s s r '  

i n  si.e.i.ng t h e  core v e h i c l e  propj,?.l.I.ai~t c a p s . c i t y  a.nci, a s  vi.11 he 
discussed. l a t e r  , p e r m i t s  d r o p - t a n k  g r o w t l l  t o  c o x p s n s a t e  for core 
v e h i c l e  i n e r t  w e i g h t  growth  w i t h  o n l y  a r e l a t i . v e l y  s m a l l  penal..ty 
from o f f  -optimum s t a g i n g .  

The r a t i o  o f  g r o s s  l aunch  w e i g h t  t o  p a y l o a d  w e i g h t  
(growth  f a c t o r )  i s  p r e s e n t e d  i n  F i g u r e  6 a s  a f u n c t i o n  o f  
gross w e i g h t ,  f o r  t h e  n e a r  optimum 1 0 %  c o r e  p r o p e l l a n t  r a t i o  
d e r i v e d  from F i g u r e  5. Although a c o n s t a n t  va lue  o f  h would 

I C  
g i v e  t h e  scme growth  f a c t o r  f o r  any g r o s s  w e i g h t  and ,  t h e r e f o r e ,  
no impi:oved e f f i c i e n c y  w i t h  s i z e ,  a more r e a l i s t i c  s ca l . i ng  
equa.t_i.on shows di-a.nia.tic e f f e c t s .  A t  t h e  low g r o s s  we igh t  end *, 
o f  t h e  c u r v e s  t h e  SOH sys t em can i n j e c t  on1.y t h e  c o r e  v e h i c l e  
i n t o  o r b i t  r e s u l t i n g  i n  t h e  h i g h  groi.ith f a c t o r .  For the l a r y e  
g r o s s  w e i g h t s ,  on t h e  o t h e r  hand,  t h e  e f f e c t  o f  t h e  f i x e d  wei-ghts 
are  s m a l l  compared t o  t h e  pay load ,  and t h e  a c t u a l  c o r e  i.nert 
f r a c t i o n  i s  r e d u c e d .  I f  2 0 , 0 0 0  pounds i.s a s s u m d  for the  co re  
f i x e d  w e i g h t s ,  a s  an example,  t h e  pay load  c a n  be i n c r e a s e d  from 
1 . 0 , O O O  t o  5 0 , 0 0 0  pouncls (a f a c t o r  of 5) while t h e  g r o s s  w e i g h t  
i n c r e a s e s  f r o n  7 0 0 , 0 0 0  t o  1..43 mil-li.on pounds (a factor of 2 ) " .  
T h i s  r e d u c t i o n  i n  growth  f a c t o r  i s  q u i t e  s t r o n g  for f i x e d  w c i g h t s  
of any r e a s o n a b l e  s i z e .  

s c a l i n g  e q u a t i o n .  The t r e n d s a n d  p o t e n t i a l  w e i g h t  d i f f e r e n c e s  
are t h e  major p o i n t s  o f  t h e  s c a l i n g  e f f e c t .  

*These magn i tudes  are a p p r o x i m a t i o n s  based  o n  t h e  w e i g h t  

. .. - . ,_ .~ -. . .. -. -.-. .. . .. - . .. .. . . ~  . . -.- . -. . . . . .  



B E L L C O M M .  / N C .  - 5 -  

The e f f e c t  of s i z e  c a n  a l s o  s u b s t a n t i a l l y  r e d u c e  t h e  
s e n s i t i v i t y  of t h e  pay load  and  g r o s s  w e i g h t  t o  i n c r e a s e s  i n  
t h e  c o r e  i n e r t  wcicjht.  I n  t h e  f o l l o w i n g  s e c t i o n ,  t h e  s c n s i -  
t i v j . t y  of t h e  f O i f  s17stem t o  core i n e r t  \ - e i g h i  growth w i l l  bc 
i n v e s t i g a t e d  f o r  c a s e s  where t h e  core p r o p e l l a n t  w e i g h t  i s  
f i x e d  and t h e  core i n e r t  we igh t  increases. T h i s  c o u l d  w e l l  b e  
t h e  case d u r i n g  a v e h i c l e  hardware  deve lopmen t  program where 
t h e  v e h i c l e  d e s i g n  i s  e s s e n t i a l l y  f i x e d  e x c e p t  f o r  t h e  i n e v i t a b l e  
i n e r t  w e i g h t  g rowth .  

V. Pe r fo rmance  S e n s i t i - v i t y  t o  Core I n e r t  Weight Growth 
1111-----_ --l_.-__ll--p- 

i s  n o t  a n  a c c u r a t e  
3 C  

A s  p o i n t e d  o u t  p r e v i o u s l y ,  

s e n s i t i v i t y  parameter f o r  deterrr:iiii .ng the e f f E c t s  of c h a n g e s  
i n  c o r e  i n e r t  w e i g h t  on the SOH systeni per?Foi-iKialice. T h e  pl.ot 
o n  F i g u r e  7 i l l u s t r a t e s  t h i s  poin-i f o r  the  ccise of  f i x e d  c o ~ e  
p r o p e l l a n t .  Al though var j  a t ions  i n  are appi:GXi.r:latc:ly ec j~~ i l .  

t o  v a r i a t i o n s  i r ,  PJIC ;:t the v a l u e s  of i n c r t  f r z c t - i o n s  cI~ar~~.cter---  
i s  lii c of c~onven;;i.on.rl cx?.:pe~;fiai;Lc~ s ~ t 7 3 e s  , vc:ri;;!: i 027, j.r. 7 

spond t o  2 C)i: 3 tirws t h e  v a r i a t i o n  i 1 - j  TI; i 1 j  t . j - i a  c;i.se of .t 
cor2 vehicle .) ?'his means t ha - i ;  C? 1- 0': i r i c  ;.:;c .i.I> j.s er11.i 

l e n t  t o  a 20 t o  3 0 %  i n c r e a s e  i n  the core i n e r t  ve igh-? .  Foj- -2.h5.s 
r e a s o n  t h e  i n e r t  w e i g h t s  a r e  used d i r e c t l y  t o  d e t e r m i n e  t h e  SOH 
per fo rmance  s e n s i t i v i t i e s .  Wi t11  a fixed c o r e  v e h i c l e  pro2cll n r ; t  , 
t h e n ,  what  i s  t h e  s e n s i t i v i t y  o f :  

1: c 

" .ii: 

JC 

a )  The pay load  w e i g h t  t o  i n c r e a s e s  i n  c o r e  iriert 
w e i g h t  for a f i x e d  g ross  w e i g h t ,  and 

b )  The r e q u i r e d  d r o p  t a n k  w e i g h t  t o  i . n c r e a s e s  i n  
c o r e  i n e r t  w e i g h t  f o r  a f i x e d  pay load  w e i g h t ?  

a )  F i x e d  Gross Wei.ght 
- - - - ~ - ~ - - - - . ~ - - - - -  

The pay1oa.d and c o r e  i n e r t  weicjhts are * p r e s e n t e d  i n  
Fi.cJ1n-e 8 for- v a r i o u s  gross w e i g h t s  and c o r e  f i x e d  w e i g h t s  ( c o r c  
fixed weiqht- i s  a cornpoilent o f  t h e  core  i n e r t .  weight) I t  i s  
q u i t e  e v i d e n t .  from Figu-re  8 t h a t  for t h e  s m a l l  pay1oa.d w e i g h t s ,  
sl1oul.d t h e  i n e r t  weight.  i n c r e a s e  , the  paylo;7ci wou1.ci be r e c l u c e d  
s u b s t a n t i a l l y  i f  t h e  gross sccicjht i s  held  cc jns t an t .  For  t h e  
1 0 , 0 0 0  pound payload r e f e r e n c e  p o i n t  on  F i g u r e  8 ,  a 16% j-ncrease 
i n  i n e r t  weigh-c r e d u c e s  the payl-oad t o  zero. For the 5 0 , 0 0 0  lb 
p a y l o a d ,  however , a 1.68 j - r icrcase i n  h e r t  we_i.ght. r e d u c e s  the 
p a y l o a d  t o  3 4 , 5 0 0  pounds,  a 3 1 %  r e d u c t i . o n .  T h i s  e f f e c t  i s  
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summarized in F i g u r e  9 f o r  a r a n g e  i n  p o t t n t i a l  core i n e r t  w e i g h t  
g rowth ,  and t h r e e  f i x e d  g r c s s  w e i g h t s  w i t h  t h e  c o k r e s p o n d i n g  i n i t i a l  
p a y l o a d  s i z e s .  F i g u r e  9 r e f l e c t s  t h e  f a c t  t h a t ,  i n  a b s o l u t e  w e i g h t s ,  
t h e r e  i-s sirnplv a one-to-one exchange be tween core i n e r t  w e i g h t  
and  pay load  welg1i.t c?nd t h a t  payload  IS a much smaller f r a c t i o n  
of core i n e r t  w e i g h t  a t  t h e  smaller s i z e s .  

F ixed  Pay load  

I f ,  o n  t h e  o t h e r  hand, t h e  drop t a n k s  a r e  a l l o w e d  
t o  i n c r e a s e  t o  compensa te  f o r  core i n e r t  w e i g h t  g rowth ,  t h e  
p a y l o a d  c a p a b i l i t y  c a n  be h e l d  c o n s t a n t .  T h i s  e f f e c t  i s  i l l u s -  
t r a t e d  i n  F i g u r e  1 0 .  A 16% increase i n  t h e  c o r e  i n e r t  w e i g h t  
cculcl  be compensated f o r  w i t h  a 1 8 %  i n c r e a s e  i n  clrop-tank s i z e  
f o r  the 1 0 , 0 0 0  l h  paylcad sys tem anci 14; i n c r e a s e  i n  dj-c)s-t-zI-,k 
s i z e  for tllc 5 0 , 0 0 0  lb payload sys t em.  The corrcAspondiny g r o s s  
weight i n c r e a s e s  a r e  1G% and 1 2 .  S: r e s p e c t i v e l y .  

C o n c l u s i o n s  - - 
A SOH sys t em o f  f i x e d  d e s i g n ,  a l t h o u g h  s e n s i t i v e  t o  

i n e r t  . w e i g h t  v a r i a t i o n s ,  c a n  be made s u b s t a n t i a l l y  ‘ l e s s  s e n s i t i v e  
and t h e  growth  f a c t o r  r educed  i f  s i z e d  f o r  l a r g e r  p a y l o a d s ,  s i n c e  
t h e r e  i s  a l a r g e  f i x e d  w e i g h t  i n  t h e  core v e h i c l e  a s s o c i a t e d  
w i t h  subsys t ems  and s t r u c t u r e  which i s  independ-cnt  of p a y l o a d .  
For s m a l l  pzy loads ,  if the gross  weight (and clrop-tank wei.91-1-t) 
i s  he ld  c o n s t a n t ,  i . n e r t  we igh t  growth  can r a p i d l y  r e d u c e  t h e  
pay load  t o  z e r o .  A sys tem s i z e d  f o r  3.ar-gje payl.oads i s  rn?-~ci? less 
ser\_sit-ive _since i;hp r.:ore i n e r t  w e i - c j h k  does not grow p r o p o r t i o n a l l y .  

. , .. . . . . ., . - . ~. , . -- . . . ,  . -. _ _  - _ j  . . , . ”  ^. 
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. I f ,  'OR t h e  o t h e r  hand, the drop t.anlcs are  albo:-ied t o  
grow t o  compensate  f o r  i n e r t  we igh t  growth, the r e q u i r e d  per-  
c e n t a g e  i n c r e a s e  in drop  t a n k  and gross  we.i_ght to m a i n t a i n  a fixed 
p:a.yloacl ciiq ac?iaI ly  be l c s s  t h a n  the FC'YCerit increase i n  the c c r "  
i n e r t  w e i g h t  f o r  l a r g e  pay loads .  
t h i s  case i s  somewhat less s e n s i t i v e  t h a n  a s m a l l  p a y l o a d  s y s t e m  
a s  well. O v e r s i z e d  e n g i n e s  would have  t o  be i n c l u d e d  i n  t h e  
nominal  d e s i g n  t o  p r o v i d e  for g r o s s  w e i g h t  growth .  

1 

The  l a r g e  p a y l o a d  s y s t e m  i n  

r' 

r .  

DEC 1 0  1 3-J3 b-ima 

D. E .  Cags idy . - l \  

3;. ,p.  Schoch 
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